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Wednesday, February 6, 2012 635a(PC) membranes with varying hydropho-
bic thicknesses. While the nAChR in
each PC membrane adopts an uncoupled
conformation, long acyl chain lipids
promote very slow agonist-induced con-
formational transitions to the desensi-
tized state. Hydrophobic thickness likely
influences the ability of the nAChR to
undergo agonist-induced conformational
transitions by promoting a-helix/a-helix
interactions, which appears to lower the
activation energy barriers between un-
coupled and coupled conformations.3261-Pos Board B416
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We investigated the kinetics of choline evoked currents, and the effect of the
positive modulator PNU 120596 on alpha7 nicotinic acetylcholine receptors
expressed by GH4C1 cells (obtained from Siena Biotech SpA) in whole-cell
and outside-out patch-clamp experiments. using a theta-tube system for rapid
application of agonists, we measured the dependence of current kinetics on
the solution exchange rate. By extrapolation and by kinetic modeling we es-
timated the intrinsic kinetics of the receptor: what would be the amplitude
and kinetics of choline-evoked currents at instantaneous agonist application.
In the presence of PNU 120596 the single channel mean open time is dras-
tically prolonged, this allowed us to determine the ratio of simultaneously
open channels using nonstationary fluctuation analysis. By determining the
approximate number of channels in a patch, we could determine the peak
open probability of 10 mM choline-evoked currents in the absence of the
modulator (0.0333 5 0.0056), as well as the open probability in the pres-
ence of 10 mM choline and 10 mM PNU 120596 (0.632 5 0.065). We per-
formed kinetic experiments to determine the affinity of PNU 120596 to three
different conformational states of the receptor: resting state, desensitized
state and a slowly developing second desensitized state. We found that
PNU 120596 was ineffective at both the resting and the slow desensitized
states, while it bound to the desensitised state and re-activated the receptors.
We investigated the nature of cooperativity between the agonist and the
modulator. We found that while the agonist increases the apparent affinity
of the modulator only by inducing desensitized conformation (which is pre-
ferred by the modulator), the modulator induces a true increase of agonist
affinity probably by allosterically affecting the conformation of the agonist
binding site itself.
3262-Pos Board B417
Anesthetic Binding Sites within the Transmembrane Domain of the a7
Nicotinic Acetylcholine Receptor
Vasyl Bondarenko, David Mowrey, Yan Xu, Pei Tang.
University of Pittsburgh School of Medicine, Pittsburgh, PA, USA.
General anesthetics inhibit the a7 neuronal nicotinic acetylcholine receptor
(nAChR) with different sensitivities, but the location of anesthetic binding
sites remains unclear. Here we used high-resolution solution NMR to study
the interaction of general anesthetics ketamine and halothane with the trans-
membrane domain (TMD) of the human a7 nAChR. The TMD was expressed
in E. coli and purified into detergent LDAO micelles. The specific residues
involved in anesthetic binding were identified by anesthetics-induced chemi-
cal shift changes in 1H-15N HSQC NMR spectra. Ketamine binds to an intra-
subunit site involving residues of all four helices at the intracellular end of the
TMD. Two halothane interaction sites were detected. The first site was located
near the intracellular end of the TMD, similar to the ketamine site, but in-
volved only residues in TM1 and TM2. The second halothane site was formed
by residues in the middle of TM1 and TM3. This site was not observed for
ketamine binding, probably because ketamine was too large to penetrate
deep into the TMD. Interestingly, unlike the previous finding in the a4b2
nAChR, anesthetic binding to the extracellular end of the TMD was not ob-
served in the a7 nAChR. This difference may be responsible for their distinct
sensitivity to halothane. In addition, halothane modulated motion less in a7
than in a4b2 on the micro- to milli-second (ms-ms) timescale, as demonstrated
by changes in peak intensity, line width, and peak splitting for some residues.
This work was supported by NIH grants: R01GM066358, R01GM056257, and
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The Gloeobacter ligand-gated ion channel, GLIC, has up to 28% sequence
identity with eukaryotic Cys-loop receptors, and many key residues are con-
served, especially in the 2nd trans-membrane pore lining region, M2. The
M2 region is responsible for ion selectivity, ion flux, and binding a wide range
of non-competitive inhibitors (Alqazzaz et al., 2011). The aim of this work was
to investigate the GLIC M2 region, especially His235 (or 11’), which has been
proposed as essential in proton sensing linked to channel opening (Wang et al.,
2012), and residues that are conserved across the Cys-loop receptor family. To
probe the roles of specific amino acids in GLIC M2 trans-membrane domain,
we substituted M2 residues lining the ion pore and M2 residues facing M3
trans-membrane domains. We generated over 40 mutations at various positions
including those at Glu 222(-2’), Thr 226 (2’), Ser 230 (6’), Leu 232 (8’), Ile 233
(9’), Ala 234 (10’), Ile 236 (12’), Ala 237 (13’) and Phe 238 (14’) using site-
directed mutagenesis, and tested their function using two-electrode voltage
clamp as previously described (Alqazzaz et al., 2011). Our results showed
that Ser6’, Ile9’ and His11’ residues are very sensitive to subsitution with all
substituents resulting in non-functional receptors. We conclude that His 11’
has a role in channel opening/closing, and the residues Thr226, Ser230, and
Ile233 also play an important role in receptor function.
Alqazzaz M, Thompson AJ, Price KL, Breitinger HG, Lummis SC (2011). Cys-
loop receptor channel blockers also block GLIC. Biophysical journal 101(12):
2912-2918.
Wang HL, Cheng X, Sine SM (2012). Intramembrane proton binding site
linked to activation of bacterial pentameric ion channel. The Journal of biolog-
ical chemistry 287(9): 6482-6489.
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ELIC is a prokaryotic pentameric ligand gated ion channel (pLGIC) homolo-
gous to Cys-loop receptors, which are molecular targets of general anesthetics
and alcohols. Crystal structures of ELIC and its complex with the antagonist
acetylcholine have been resolved recently, suggesting the possibility of using
ELIC to understand the structural basis of anesthetic and alcohol modulation
on pLGICs. However, the pharmacological profiles of ELIC for modulation
by general anesthetics and alcohols have not been well defined. In this study,
we characterized these profiles for ELIC expressed in Xenopus laevis oocytes
with two-electrode voltage clamp techniques. We found that the ELIC current
elicited by the agonist propylamine could be inhibited by both volatile and
intravenous general anesthetics at clinically relevant concentrations. ELIC is
also inhibited by ethanol and other n-alcohols with potency increasing with
the number of carbons until n-nonanol, where inhibition is cut off. Alcohol
modulation on ELIC is similar to that on GABAR-r1 but different from
nAChRs, which are potentiated by ethanol. In addition, ELIC is inhibited by
the benzodiazepine drug diazepam. In summary, ELIC shares some pharmaco-
logical characteristics of cation-conducting eukaryotic pLGICs and is a suitable
model for the structural study of the actions of general anesthetics and
alcohols on pLGICs. Supported by NIH (R01GM066358, R01GM056257,
and R37GM049202).
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636a Wednesday, February 6, 2012Despite its long history of use and abuse in human culture, the molecular basis
for alcohol action in the brain is poorly understood. We recently characterized
alcohol modulation of GLIC, a prokaryotic pentameric ligand-gated ion chan-
nel, as a structurally acessible model system for important alcohol targets in
this family. Here, we validate GLIC as a model protein and explore possible
binding sites for allosteric modulators. Insertion of the transmembrane domain
of the human a1 glycine receptor into GLIC quantitatively determines alcohol
sensitivity of the chimeric protein, consistent with conservation of modular
domains and the presence of one or more transmembrane binding sites for
alcohol. Mapping of transmembrane residues that influence alcohol sensitivity
reveals their proximity to cavities whose volume correlate with alcohol cutoff.
Mutations in the intrasubunit cavity, which was recently shown to bind
inhibitory anesthetics, reveal selective effects on various inhibitors. Con-
versely, mutations in the intersubunit cavity demonstrate dramatic dependence
of potentiation by several modulators on cavity volume. Molecular dynamics
simulations up to 1 ms confirm enhanced ethanol occupancy in this intersubunit
cavity in an alcohol-sensitive variant of GLIC. Furthermore, docking of anes-
thetics allows us to calculate selectively-enhanced free energy of binding in the
intersubunit cavity of the alcohol-sensitive variant. Most recently, this work has
led to the determination of X-ray crystal structures of the alcohol-sensitive
mutant in the absence and presence of ethanol and other modulators (see
abstract by M. Delarue et al. in this conference), which we validate with addi-
tional functional mutants. These structures–the first atomic-resolution views of
any full-length ion channel bound to alcohol–confirm our functional and mod-
eling predictions of an intersubunit potentiating site, and provide new insights
into the complex molecular interactions underlying allosteric modulation of re-
ceptors in this family.
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Propofol is an intravenous general anesthetic that elicits many of its anesthetic
actions invivo by potentiating GABAAR responses. In addition to potentiating
inhibitory GABAARs, containing anion selective channels, propofol inhibits re-
lated cation-selective channels in the superfamily of pentameric ligand-gated
ion channels, including nicotinic acetylcholine receptors (nAChR) and GLIC,
a prokaryotic, proton-gated channel. A recent crystal structure of GLIC, pro-
duced by soaking GLIC crystals in propofol, identified an intrasubunit propofol
binding site in the pocket near the extracellular side of the membrane formed by
the bundle of four transmembrane helices (Nury et al., Nature 469:428 (2011)).
To identify propofol binding sites in GLIC in solution, we used a photoreactive
propofol analog, m-azipropofol (2-isopropyl-5-[3-(trifluoromethyl)-3H-
diazirin-3-yl]phenol) (Hall et al., J Med. Chem. 53:5667 (2010)). For GLIC
channels expressed in oocytes, m-azipropofol and propofol inhibit current re-
sponses at pH 5.5 (EC20) with IC50s of 5051 mM and 2051 mM, respectively.
[3H]m-Azipropofol (7 mM) was photoincorporated into detergent-solubilized,
affinity-purified GLIC at pH 4.4 in the absence and presence of 300 mM
propofol. [3H]m-Azipropofol photoincorporation into amino acids in each of
the GLIC transmembrane helices (M1-M4) was determined by protein
microsequencing of either Endoproteinase Lys-C or BNPS-skatol digests.
[3H]m-azipropofol photolabeled most efficiently two amino acids, Asn-307
in M4 and Tyr-254 in M3, and propofol inhibited photolabeling by >70%.
Thus, propofol and m-azipropofol bind competitively to a site in proximity to
Asn-307 and Tyr-254, side-chains that in the GLIC crystal structure are in con-
tact with the propofol molecule within the intrasubunit pocket formed by the
bundle of transmembrane helices. m-Azipropofol/propofol bind to an equiva-
lent site in the nAChR d subunit (SS Jayakar et al., Soc. Neuroscience Meeting
Planner 2011 #336.01/C2), whereas in the ab GABAAR they bind to a site at
the b-a interface (see Jayakar abstract).
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The Erwinia ligand-gated ion channel (ELIC) is a bacterial GABA-gated
cation-selective channel that shares structural homology with vertebrate Cys-
loop receptors[1]. Here we investigated the effects of Ca2þ on the functional
properties of ELIC using wild-type and mutant receptors. Receptors wereexpressed in Xenopus oocytes and characterised using two electrode voltage-
clamp electrophysiology. GABA concentration-response curves were recorded
in ND96 buffer with 0, 1.8, 5 or 10 mM Ca2þ. The data show that Ca2þ alters
the rate of apparent desensitization and the GABA EC50. To probe ion selec-
tivity the external NaCl concentration was altered and the effects on reversal
potential measured by clamping cells between 60 and þ100 mV in 10 mV
steps. These data showed that ELIC is predominantly cation selective as previ-
ously reported[2]. The 1’ (E229) residue has been identified as a critical re-
gion for controlling cation selectivity in Cys-loop receptors[3][4]. Consistent
with this, an E229A mutation in ELIC decreased cation selectivity. When
E229A was combined with a mutation at the N20’ position (E229A/N250R)
ELIC became predominantly anion selective, similar to experiments described
for the 5-HT3 receptor[4]. This mutant eliminated the effects of Ca2þ on ELIC,
demonstrating that Ca2þ effects are mediated either in the channel or in the
intracellular domain.
[1] Hilf & Dutzler., 2008, Nature, 452 (7185) 375-9.
[2] Zimmermann et al., 2011 PLoS Biol, 9 (6).
[3] Galzi et al., 1992 Nature, 359 (6395) 500-5.
[4] Thompson & Lummis, 2003 Br J Pharmacol, 140 359-65.
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Cys-loop receptors are pentameric ligand-gated ion channels that are responsi-
ble for fast excitatory and inhibitory transmission in the peripheral and central
nervous systems. Each receptor has an extracellular domain (ECD) that con-
tains the ligand-binding sites, a transmembrane domain (TMD) that forms
the ion channel pore and an intracellular domain (ICD). All prokaryotic homo-
logs of Cys-loop receptors, for example, GLIC and ELIC, lack an ICD that
consists of a 50 to 270 amino acid long loop in eukaryotes. Very little is
known about the structure of the ICD since none of the recently published
X-ray structures of prokaryotic homologs contained an ICD, and the Torpedo
nAChR cryo-EM structure resolved only 1/3rd of the ICD. We have recently
constructed chimeras in which the ICD from eukaryotic serotonin (5-HT3A)
receptors was inserted into GLIC (1).
To extend our studies we generated GLIC chimeras with ICDs from other Cys-
loop receptors (GlyR-a1, GABA-r1, nAChR-a7). All chimeras were expressed
heterologously in Xenopus laevis oocytes to investigate the ion channel func-
tionality by using two-electrode voltage clamp experiments. All functional
chimeras were also expressed in E. coli membranes to enable overexpression
and protein purification. Chimeric proteins were successfully purified by using
Ni-NTA affinity and size exclusion chromatography (SEC). Limited proteoly-
sis and spectroscopic methods (circular dichroism and fourier transform infra-
red spectroscopy) will be used to study conformational features and secondary
structure elements of eukaryotic ICDs of the engineered GLIC-ICD chimeras.
Our data will shed light on the structure and function of the intracellular domain
of Cys-loop receptors, which will enable identification of potentially important
drug targeting sites in intracellular domains for the treatment of neurodegener-
ative diseases.
1. Goyal R. et al, (2011). J Biol Chem 286, 34635-42
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ELIC and GLIC, two bacterial nicotinic receptor-like channels, are remarkably
amenable to both structural and functional studies. This observation, along with
the notion that the overall structure and functional properties of these channels
are very similar to those of their metazoan counterparts, amply justifies the use
of ELIC and GLIC as models for the entire superfamily. At the level of the
transmembrane pore, the structural model of ELIC shows a prominent constric-
tion around the 16’ position of the M2 alpha-helices, whereas that of GLIC
displays a much wider, semi-conical cavity with helices tilted away from the
long axis of the pore. As a result, the structural models of ELIC and GLIC
are often considered to represent the closed-channel and open-channel confor-
mations, respectively, of all members of the superfamily, a notion that assumes
that the end states of the gating conformational change are conserved across
orthologs. Thus far, attempts to capture the different physiologically relevant
conformations of each of these channels in well-diffracting crystals have failed.
Here, as an alternative approach to probe the transmembrane-pore domain in
the open-channel conformation, we studied the interaction of ELIC, GLIC
